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ELECTRONIC APPARATUS AND METHOD
FOR EXPANDING STORAGE CAPACITY OF
ELECTRONIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 105106949, filed on Mar. 7, 2016. The

entirety of the above-mentioned patent application 1s hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE INVENTION

Field of the Invention

The mvention relates to a method and an apparatus for
data access, and particularly relates to an electronic appa-
ratus and a method for expanding a storage capacity of the
clectronic apparatus.

Description of Related Art

Server 1s an electronic device that integrates soltware and
hardware to provide clients with specific service through a
network and has a considerable demand for storage capacity.
In addition to the storage capacity provided by internal
disks, an ordinary way for expanding the storage capacity 1s
through configuring network-attached storage (NAS) equip-
ment. Through distributing data of the server to the storage

equipment on the network and accessing the data via the
network, the storage capacity that the server 1s able to use
can be expanded.

However, the NAS equpment provided by diflerent
manufacturers may be equipped with different controllers
and adopt different management interfaces for data manage-
ment, such that those NAS equipment cannot directly com-
municate with each other to integrate their storage capacity.
Therefore, when a user mtends to expand the storage capac-
ity of the server through connecting plural storage equip-
ment, the user can only perform data access and manage-
ment on those storage equipment individually, which cannot
ciiciently integrate those storage equipment to achieve
expansion of the storage capacity.

SUMMARY OF THE INVENTION

The application provides an electronic apparatus and a
method for expanding a storage capacity of the electronic
apparatus, through which different types of storage equip-
ment can be efliciently integrated to expand the storage
capacity of the electronic apparatus.

The application provides a method for expanding a stor-
age capacity ol an electronic apparatus. In the method, at
least one storage equipment on a network 1s searched and
logged 1n by using a network imtertface. A virtual disk 1s
established and a volume of at least one disk 1n each of the
searched storage equipment 1s attached to the virtual disk as
a physical volume of the electronic apparatus. The physical
volume 1s transformed into a logical volume and a file
system of the logical volume 1s established for providing the
clectronic apparatus to access the logical volume.

In an example of the present application, the step of
logging 1n the searched storage equipment by using the
network interface comprises obtaining storage information
of each of the storage equipment and accordingly sending
instructions to the storage equipment to set each of the
storage equipment to simulate a target of the network
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interface, and opening an initiator of the network interface
to connect the storage equipment simulating the target of the
network interface.

In an example of the present application, after the step of
transforming the physical volume into the logical volume
and establishing the file system of the logical volume for
providing the electronic apparatus to access the logical
volume, the method further determines whether the network
1s disconnected, and logs out the storage equipment simu-
lating the target and detaches the volume of the at least one
disk 1n the storage equipment from the virtual disk it the
network 1s disconnected.

In an example of the present application, after the step of
logging out the storage equipment simulating the target and
detaching the volume of the at least one disk 1n the storage
equipment from the virtual disk, the method further re-
connects the network, and re-opens the imitiator of the
network interface to search and connect the storage equip-
ment simulating the target of the network interface on the
network when the network is re-connected.

In an example of the present application, the step of
transforming the physical volume into the logical volume
and establishing the file system of the logical volume for
providing the electronic apparatus to access the logical
volume further comprises establishing a storage pool, com-
bining a volume of at least one disk in the electronic
apparatus and the volumes attached to the virtual disk as a
physical volume of the storage pool, establishing a logical
volume of the storage pool, and establishing a file system of
the logical volume for the electronic apparatus to access the
logical volume.

The application provides an electronic apparatus which
comprises a network connecting device, a storage device and
a processor. The network connecting device 1s configured to
connect a network. The storage device 1s configured to store
a plurality of modules. The processor i1s coupled to the
network connecting device and the storage device, and 1s
configured to load and execute the plurality of modules 1n
the storage device. The modules comprise a protocol mod-
ule, a virtual disk module and a plattorm module. The
protocol module searches at least one storage equipment on
the network by using the network connecting device, and
logs 1n the searched storage equipment by using a network
interface, wherein each of the storage equipment comprises
at least one disk. The virtual disk module establishes a
virtual disk and attaches a volume of at least one disk 1n each
of the searched storage equipment to the virtual disk as a
physical volume of the electronic apparatus. The platform
module transforms the physical volume into a logical vol-
ume and establishes a file system of the logical volume for
providing the electronic apparatus to access the logical
volume.

In an example of the present application, the protocol
module comprises obtaining storage information of each of
the storage equipment, accordingly sending instructions to
the storage equipment to set each of the storage equipment
to simulate a target of the network interface, and opening an
initiator of the network interface to connect the storage
equipment simulating the target of the network interface.

In an example of the present application, the protocol
module further determines whether the network 1s discon-
nected, and the virtual disk module further logs out the
storage equipment simulating the target and detaches the
volume of the at least one disk 1n the storage equipment from
the virtual disk 11 the network 1s disconnected.

In an example of the present application, the protocol
module further re-connects the network, and re-opens the
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initiator of the network interface to search and connect the
storage equipment simulating the target of the network
interface on the network when the network 1s re-connected.

In an example of the present application, the modules
turther comprise a storage pool module, which establishes a
storage pool and combines a volume of at least one disk 1n
the electronic apparatus and the volumes attached to the
virtual disk as a physical volume of the storage pool,
wherein the platform module further establishes a logical
volume of the storage pool and establishes a file system of
the logical volume for the electronic apparatus to access the
logical volume.

Based on the above, in the electronic apparatus and the
method for expanding a storage capacity of the electronic
apparatus provided by the present application, a virtual disk
1s established for attaching volumes of storage equipment on
a network. The attached volumes and the volumes of the
disks of the electronic apparatus are integrated to establish
a file system, through which the electronic apparatus 1s able
to access the disks of the storage equipment and perform
data management on the disks of the storage equipment and
its own disks, so as to integrate and manage different types
ol storage equipment to expand the storage capacity.

In order to make the atorementioned and other features
and advantages of the mnvention more comprehensible, sev-

eral exemplary embodiments accompanied with figures are
described 1n detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
turther understanding of the mnvention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the mvention and, together with
the description, serve to explain the principles of the inven-
tion.

FIG. 1 1s a schematic diagram 1llustrating expansion of a
storage capacity of an electronic apparatus according to an
embodiment of the invention.

FIG. 2 1s a schematic diagram 1llustrating expansion of a
storage capacity ol an electronic apparatus according to an
embodiment of the invention.

FIG. 3 1s a block diagram of an electronic apparatus
according to an embodiment of the invention.

FI1G. 4 1s a flowchart 1llustrating a method for expanding
a storage capacity of an electronic apparatus according to an
embodiment of the invention.

FIG. 5 1s a block diagram of an electronic apparatus
according to an embodiment of the invention.

FIG. 6 1s a tlowchart illustrating a method for expanding
a storage capacity of an electronic apparatus according to an
embodiment of the invention.

DESCRIPTION OF TH.

(L.
1]

EMBODIMENTS

The mvention takes use of internet small computer system
interface (1ISCSI) to simulate network equipment as a target
of 1SCSI and implement an initiator of 1SCSI on an elec-
tronic apparatus such that the electronic apparatus 1s able to
search the network equipment and log in the searched
network equipment. The invention further establishes a just
a bunch of disks (JBOD) on the electronic apparatus for
attaching the volumes of disks 1n the network equipment.
Accordingly, the volumes of network equipment and the
volumes of the electronic apparatus 1tself can be integrated
to expand a storage capacity of the electronic apparatus.
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FIG. 1 1s a schematic diagram 1llustrating expansion of a
storage capacity of an electronic apparatus according to an
embodiment of the invention. Referring to FIG. 1, the
clectronic apparatus 10 of the present embodiment searches
and connects external network equipment 20, 22, 24 and 26
through a network. The electronic apparatus 10 1s, for
example, a computing device having a computing capability,
such as a file server, a database server, an application server,
a workstation or a personal computer. The network equip-
ment 20, 22, 24 and 26 1s, for example, a network-attached
storage (NAS) server or other kinds of network storage
equipment, which can provide centralized data accessing
service for the electronic apparatuses (including the elec-
tronic apparatus 10) on the network 100, and may connect
the electronic apparatuses such as computers, TVs, or gam-
ing consoles together for sharing files with each other
through the network 100. The network 100 1s, for example,
Ethernet, Intranet, or Internet, which 1s not limited herein.

The electronic apparatus 10 establishes a virtual disk 12
(e.g. a JBOD) and attaches the volumes of disks in the
network equipment 20, 22, 24 and 26 to the virtual disk 12
as physical volumes 20a, 22a, 24a and 26a of the electronic
apparatus 10. The physical volumes 20a, 22a, 24a and 26qa
are integrated as a single disk by the virtual disk 12 and used
as an expanded storage capacity of the electronic apparatus
10.

In detail, FIG. 2 1s a schematic diagram illustrating
expansion ol a storage capacity ol an electronic apparatus
according to an embodiment of the invention. Referring to
FIG. 1 and FIG. 2, the present embodiments depicts a system
structure of the electronic apparatus 10 and the network
equipment 20 1n FIG. 1 for illustrating how the electronic
apparatus 10 1s connected with the network equipment 20 to
integrate a disk 24 of the network equipment 20 with a local
disk 14 so as to achieve the expansion of the storage capacity
of the electronic apparatus 10.

The processor 12, the disks 14 (including disks A, B, C
and D), the virtual disk module 16 and the protocol module
18 of the electronic apparatus 10, for example, communicate
with each other through a bus 102. The virtual disk module
16 establishes a virtual disk 162 and the protocol module 18
takes use of a network interface such as 1SCSI to search the
network equipment 20 that supports the network interface on
the network 100 and log 1n the searched network equipment
20 so as to bring the volumes of the disks 24 in the network
equipment 20 1nto the volumes capable of being used by the
clectronic apparatus 10. The virtual disk module 16, for
example, attaches the volumes of the disks 24 (including
disks E, F and G) of the network equipment 20 to the virtual
disk 162. The volumes of the disks 24 may be, for example,
transformed 1nto logical volumes that can be accessed by the
clectronic apparatus 10 and used to establish a file system
122. Accordingly, the processor 12 of the electronic appa-
ratus 10 may access the disks 24 in the network equipment
20 through the file system 122.

On the other hand, the processor 22, the disks 24 (includ-
ing disks E, F and G) and the protocol module 26 of the
network equipment 20 communicate with each other
through a bus 202. The protocol module 26, for example,
supports the network interface such as 1SCSI so as to
simulate the network equipment 20 as a target of the network
interface for the protocol module 18 of the electronic
apparatus 10 to search and log in and accordingly attach the
disks 24 of the network equipment 20 to the virtual disk 162
established by the virtual disk module 16.

FIG. 3 1s a block diagram of an electronic apparatus
according to an embodiment of the invention. Referring to
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FIG. 1 and FIG. 2, the electronic apparatus 20 of the present
embodiments 1s, for example, a computing device having a
computing capability such as a file server, a database server,
an application server, a workstation or a personal computer,
and includes a processor 32, a storage device 34 and a
network connecting device 26, and functions thereof are
respectively described below.

The processor 32 1s, for example, a central processing unit
(CPU), a programmable general purpose or special purpose
microprocessor, a digital signal processor (DSP), a program-
mable controller, an application specific integrated circuit
(ASIC), a programmable logic device (PLD), or any other
similar device or a combination thereof.

The storage device 34 1s, for example, any type of fixed
or movable random access memory (RAM), a read-only
memory (ROM), a tlash memory or a similar element or a
combination of aforesaid elements. In the present embodi-
ment, the storage device 34 1s configured to record a
protocol module 342, a virtual disk module 344 and a
plattorm module 346. Those modules are, for example,
programs stored in the storage device 34 which may be
loaded 1nto the processor 32, such that the processor 32 may
execute a function of expanding a storage capacity of the
clectronic apparatus 30 of the present embodiment.

The network connecting device 36 1s, for example, a
wireless network card 1n compliance with a wireless com-
munication standard (e.g., stitute of electrical and elec-
tronics engineers (IEEE) 802.11n/b/g), or a network card in
compliance with a wired network connection such as Eth-
ernet. The network card may establish a network connection
with other electronic apparatus over a network in a wired or
wireless manner.

The processor 32 1s coupled to the storage device 34 and
the network connecting device 36 and 1s configured to load
the programs of the protocol module 342, the virtual disk
module 344 and the platform module 346 from the storage
device 34 so as to perform the method for expanding a
storage capacity of an electronic apparatus of the applica-
tion. Examples describing detailed steps of the method wall
be described below.

FIG. 4 1s a tlowchart illustrating a method for expanding
a storage capacity of an electronic apparatus according to an
embodiment of the invention. Referring to FIG. 3 and FIG.
4 together, the method of the present embodiment 1s adapted
for the electronic apparatus 30 1n FIG. 3. Detailed steps 1n
the method of the present embodiment are described below
with reference to each component of the electronic apparatus
30 depicted 1n FIG. 3.

First, the protocol module 342 searches at least one
storage equipment on a network by using a network con-
necting device 36 and logs 1n the searched storage equip-
ment by using a network interface (step S402). The network
interface 1s, for example, 1SCSI based on transmission
control protocol/internet protocol (TCP/IP), and the protocol
module 342 may search the network equipment supporting,
1SCSI on the connected network and obtain storage infor-
mation of each of the searched network equipment through
the network. The storage information includes attributes or
states of a logical umit number (LUN) such as an equipment
name, a disk location, a disk capacity, or supported features.
The protocol module 342 may send external 1nstructions to
the storage equipment according to the storage information
to set each of the storage equipment and simulate the storage
equipment as a target of the network interface. Then, the
protocol module 342 may open an initiator of the network
interface to connect the storage equipment simulating the
target of the network interface.
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Afterwards, the wvirtual disk module 344 establishes a
virtual disk and accordingly attaches volumes of disks in
cach of the storage equipment logged-in by the protocol
module 342 to the virtual disk as physical volumes of the
clectronic apparatus 30 (step S404). The virtual disk inte-
grates all the attached disks into a single disk having a
storage capacity equal to a sum of the storage capacity of all
the attached disks where the volume of each disk 1s an
independent physical volume.

Finally, the platform module 346 transforms the physical
volume of each of the storage equipment into a logical
volume and establishes a file system of the transformed
logical volumes for the electronica apparatus 30 to access
the logical volumes (step S406). The platform module 346
1s, for example, implemented as a hardware abstraction layer
(HAL) which can present diflerent portions of the system as
abstract hardware equipment. Since the physical volumes of
all the storage equipment are directly transformed into
logical volumes capable of being used by the electronic
apparatus 30, the processor 32 of the electronic apparatus 30
can directly access the disks provided by the storage equip-
ment on the network through aforesaid file system, thus
achieving better access efliciency.

It 1s noted that 1n the meantime that the electronic appa-
ratus 30 connects the network equipment and accesses the
disks of the network equipment, the protocol module 342
may keep monitoring whether the network connection
thereof (or the network connection to each of the network
equipment) 1s disconnected. Once the network connection 1s
determined to be disconnected, the protocol module 342
may attempt to re-connect the network first. For example,
the protocol module 342 may attempt to re-connect the
network at a predetermined interval (e.g. 5 seconds), and
may confirm the network connection 1s disconnected after
attempting by a predetermined times (e.g. 6 times).

When the protocol module 342 confirms the network
connection 1s disconnected, the virtual disk module 344 may
instantly log out the storage equipment (e.g. all the storage
equipment or the storage equipment having the network
connection disconnected) that has already simulated as the
target and detach the volumes of the disks of the storage
equipment 1n the virtual disk, so as to prevent the electronic
apparatus 30 from data loss due to accessing wrong data or
storing data in wrong volume. Besides, the protocol module
342 may keep trying to re-connect the network, re-open the
initiator of the network interface when the network 1is
re-connected so as to search and connect the storage equip-
ment simulating the target of the network interface on the
network.

Through aforesaid recovery mechanism, even though the
network connection of the electronic apparatus 30 1s dis-
connected due to any reason, the correctness and security of
data of the electronic apparatus 30 can be ensured.

In addition to aforesaid embodiment of expanding the
storage capacity by using the virtual disk, in another
embodiment, the electronic apparatus may further integrate
the volumes of disks of the storage equipment with the
volumes thereof so as to additionally support advanced
functions such as disk snapshot or disk backup.

In detail, FIG. 5§ 1s a block diagram of an electronic
apparatus according to an embodiment of the invention.
Referring to FIG. S, the electronic apparatus 30 of the
present embodiments 1s, for example, a computing device
having a computing capability such as a file server, a
database server, an application server, a workstation or a
personal computer, and includes a processor 32, a storage
device 54 and a network connecting device 56. The types
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and functions of the processor 52, a storage device 54 and
a network connecting device 36 are the same as or similar to
those of the processor 32, the storage device 34 and the
network connecting device 36 in aforesaid embodiment and
therefore the details are not repeated herein.

Different from aforesaid embodiment, 1n the present
embodiment, besides the protocol module 542, the virtual
disk module 544 and the platform module 546 (respectively
corresponding to the protocol module 342, the virtual disk
module 344 and the platform module 346 in aforesaid
embodiment), the storage device 54 further comprises a
storage pool module 548.

FIG. 6 1s a flowchart 1llustrating a method for expanding
a storage capacity of an electronic apparatus according to an
embodiment of the invention. Referring to FIG. § and FIG.
6 together, the method of the present embodiment 1s adapted
tor the electronic apparatus 30 1n FIG. 5. Detailed steps 1n
the method for expanding a storage capacity of an electronic
apparatus of the present embodiment are described below
with reference to each component of the electronic apparatus
50 depicted 1n FIG. §.

First, the protocol module 542 searches at least one
storage equipment on a network by using a network con-
necting device 56 and logs 1n the searched storage equip-
ment by using a network interface (step S602). Then, the
virtual disk module 344 establishes a virtual disk and
accordingly attaches volumes of disks 1n each of the storage
equipment logged-in by the protocol module 542 to the
virtual disk as physical volumes of the electronic apparatus
50 (step S604). Aforesaid steps S602~5604 are the same as
or similar to the steps S402~5404 1n aforesaid embodiment,
and therefore the details are not repeated herein.

Different from aforesaid embodiment, 1n the present
embodiment, a storage pool module 348 of the electronic
apparatus 50 may further establish a storage pool (step
S5606), and combine the volume of at least one disk (e.g. the
storage device 54) with the volumes attached to the virtual
disk as the physical volume of the storage pool (step S608).
The storage module 548 may, for example, establish a pool
management layer of the storage pool on the physical
volume of the storage pool, so as to provide advanced
management functions such as disk snapshot or disk backup.

Finally, the platform module 546 transforms aforesaid
physical volume of the storage pool into a logical volume,
and establishes a file system of the logical volume so as to
provide the electronic apparatus 50 to access the logical
volume (step S610). Through establishing a storage pool
management layer on the physical volume of the storage
pool, 1 addition to accessing the disks of the storage
equipment on the network through the file system, the
clectronic apparatus 50 may further take use of the disks of
these storage equipment to execute functions on its own
disks such as disk snapshot or disk backup.

To sum up, 1n the electronic apparatus and a method for
expanding a storage capacity of the electronic apparatus of
the invention, the network equipment 1s stmulated as a target
of a network interface and an initiator of the network
interface 1s implemented on the electronic apparatus such
that the electronic apparatus 1s able to search and log 1n the
network equipment on the network. The mvention further
establishes a virtual disk on the electronic apparatus for
attaching volumes of disks of the network equipment and
integrates the attached volumes with the volumes of disks of
the electronic apparatus itself, such that the electronic appa-
ratus may further support management of storage devices
while expanding the storage capacity.
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It will be apparent to those skilled 1n the art that various
modifications and variations can be made to the structure of
the 1nvention without departing from the scope or spirit of
the invention. In view of the foregoing, it 1s intended that the
invention cover modifications and variations of this mven-
tion provided they fall within the scope of the following
claims and their equivalents.

What 1s claimed 1s:

1. A method for expanding a storage capacity of an
clectronic apparatus, comprising:

searching, by a processor, at least one storage equipment

on a network by using a network card and logging 1n
the searched storage equipment by using an 1SCSI,
wherein the 1ISCSI conforms transmission control pro-
tocol/internet protocol;

establishing, by the processor, a virtual disk and attaching,

a volume of at least one disk in each of the searched
storage equipment to the virtual disk as a physical
volume of the electronic apparatus;
transforming, by the processor, the physical volume into
a logical volume and establishing, by the processor, a
file system of the logical volume for providing the
clectronic apparatus to access the logical volume,

wherein the step of logging in the searched storage
equipment by using the 1SCSI comprises:

obtaining, by the processor, a storage information of each

of the storage equipment and accordingly sending, by
the processor, instructions to the storage equipment to
set each of the storage equipment to simulate a target of
the 1SCSI; and

opening, by the processor, an mitiator of the 1SCSI to

connect the storage equipment simulating the target of
the 1SCSI.

2. The method according to claim 1, wherein after the step
of transforming the physical volume 1nto the logical volume
and establishing the file system of the logical volume for
providing the electronic apparatus to access the logical
volume, the method further comprises:

determining, by the processor, whether the network 1s

disconnected; and

logging out, by the processor, the storage equipment

simulating the target and detaching, by the processor,
the volume of the at least one disk in the storage
equipment from the virtual disk if the network 1s
disconnected.

3. The method according to claim 2, wherein after the step
of logging out the storage equipment simulating the target
and detaching the volume of the at least one disk in the
storage equipment from the virtual disk, the method further
COmprises:

re-connecting, by the processor, the network; and

re-opening, by the processor, the mnitiator of the 1SCSI to

search and connect the storage equipment simulating,
the target of the 1SCSI on the network when the
network 1s re-connected.

4. The method according to claim 1, wherein the step of
transforming the physical volume into the logical volume
and establishing the file system of the logical volume for
providing the electronic apparatus to access the logical
volume further comprising;

establishing, by the processor, a storage pool;

combining, by the processor, a volume of at least one disk

in the electronic apparatus and the volumes attached to
the virtual disk as the physical volume of the storage
pool; and

establishing, by the processor, the logical volume of the

storage pool, and establishing, by the processor, the file
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system of the logical volume for the electronic appa-
ratus to access the logical volume.

5. The electronic apparatus according to claim 1, wherein

ne processor further determines whether the network 1is

1sconnected, and the virtual disk module further logs out

t

e storage equipment simulating the target and detaches the

volume of the at least one disk 1n the storage equipment from
the virtual disk 11 the network 1s disconnected.

t.

6. The electronic apparatus according to claim 5, wherein
ne processor further re-connects the network, and re-opens

t.

e 1itiator of the 1SCSI to search and connect the storage

equipment simulating the target of the 1SCSI on the network
when the network 1s re-connected.

7. An electronic apparatus, comprising:

a network card, connecting a network;

a storage device, storing a plurality of modules; and

a processor, coupled to the network connecting device and
the storage device, loading and executing the plurality

of modules 1n the storage device to perform steps of:
searching at least one storage equipment on the net-

work by using the network card, and logging in the
searched storage equipment by using an 1SCSI,
wherein the 1SCSI conforms transmission control
protocol/internet protocol, and each of the storage

equipment comprises at least one disk;
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establishing a virtual disk and attaching a volume of the

at least one disk 1n each of the searched storage
equipment to the virtual disk as a physical volume of
the electronic apparatus; and

transforming the physical volume into a logical volume

and establishing a file system of the logical volume
tor providing the electronic apparatus to access the
logical volume,

wherein the processor comprises obtaining a storage

information of each of the storage equipment,
accordingly sending instructions to the storage
equipment to set each of the storage equipment to
simulate a target of the 1SCSI, and opeming an
imitiator of the 1SCSI to connect the storage equip-
ment simulating the target of the 1SCSI.

8. The electronic apparatus according to claim 7, wherein
the processor further comprise:

establishing a storage pool, and combining a volume of at
least one disk 1n the electronic apparatus and the
volumes attached to the virtual disk as the physical
volume of the storage pool, wherein the platiorm
module further establishes the logical volume of the
storage pool, and establishes the file system of the
logical volume for the electronic apparatus to access
the logical volume.
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